SUMMARY This review article discusses the evolution and function of the histocompatibility system, the nature of the HLA antigens and their classification, the phenomenon of linkage disequilibrium, and the mechanisms of HLA and disease susceptibility. The it is therefore not surprising that they differ from one person to another, the differences being greatest between members of unrelated families.
When first introduced by an international committee sponsored by the World Health Organisation the term HLA stood for antigens associated with human leucocytes at the genetic locus A (that is, first locus). Since this antigenic system has now been found to consist of more than one locus of interconnected sets of genes, HLA is now used to cover the entire group of histocompatibility or transplantation antigens. These antigens are surface glycoproteins which occur not only on leucocytes but also on other nucleated cells, platelets, and reticulocytes. If these antigens are removed by enzymes in vitro the cell can reconstitute them within 6 hours, which indicates their rapid turnover. It is not surprising, therefore, that small amounts are continuously released into the plasma. Embryological studies have shown that these antigens can be detected in fetal tissues as early as the sixth to eighth week of gestation. Every individual possesses these cell membrane antigens as a direct expression of his or her genotype, and it is therefore not surprising that they differ from one person to another, the differences being greatest between members of unrelated families.
Classification
Much of our understanding of the human HLA system comes from studies in mice in which the major histocompatibility system known as H-2 evokes a particularly strong response in an allogeniec host, that is, members of the same species, and outweighs all other systems in promoting graft rejection. HLA, the comparable major histocompatibility system in man, probably comprises Fig. 1 Genetic determinants of the major histocompatibility antigens. Each of a pair of autosomal chromosome 6 possess 5 adjacent loci which carry the genes responsible for the formation of HLA antigens more than 70 different antigens (Table 1) . Those which have not been unequivocally demonstrated and whose separate identity is still debatable are called w (workshop) antigens. The development of this group of transplantation antigens appears to be controlled by 5 adjacent loci on the major histocompatibility region of each of the pair of autosomal chromosome 6 (Fig. 1 ). Consequently each cell 283 (Bodmer, 1978; Gill et al., 1978 Kissmeyer-Nielsen, 1978) .
It is important, for example, to give due attention to proper selection of controls, which must include consideration of age, sex, race, exposure to environmental factors, and possible triggering events. A disease of multifactorial aetiology might not show clear HLA and disease inheritance patterns, because coexistence of several genes might be prerequisite for the manifestation of the disease state. This may be the case in some of the negative reports in those eye diseases such as retinitis pigmentosa in which there is otherwise evidence of a genetic linkage.
Problems may arise both with the sera and the cells used for HLA typing. A very potent antiserum, for example, may in fact be multispecific, and some of the antibodies may thus be detecting non-HLA antigens. Furthermore, lack of sufficient sera for some allelic specificities can bias results if it l_ads to false assignment of antigens.
In the analysis of the results some of the statistical errors and shortcomings deserve emphasis because of their great importance (Edwards, 1974; Svejgaard et al., 1974; Dick, 1978) .
(i) Linkage disequilibrium may provide spurious associations unless recognised. Thus, HLA Al, which is often found in association with HLA B8, may be spuriously associated with some diseases in which in fact the frequency only of HLA B8 is increased. Multiple comparisons will dilute the significance of such associations.
(ii) If an HLA association is sought, with significance around the 5% value, then if 20 or more HLA antigens are tested there is a purely random chance that one of the antigens may be altered in frequency (1 in 20 = 5%). It has been suggested that the statistical significance in such situations can be corrected by multiplying the P value with the number of separate specificities tested (Woolf, 1955) . Thus in one study (Zimmerman et al., 1977) , in which increased frequency of HLA B5 was reported in association with herpetic keratitis (P<0 01), the P value after correction (Pc) appears to be insignificant (P<0 3).
(iii) Since HLA antigen prevalences, unlike many other histochemical data, are not independent events, many statisticians believe that the method recommended by Woolf is too conservative and may not be strictly correct. It has been recommended, therefore, that either the findings should be compared with another published report or a second series of cases should be evaluated in the light of the results from the first series.
(iv) Once the association of a particular HLA (Brewerton et al., 1973a (Brewerton et al., , 1973b Bertrams et al., 1978b Chen et al., 1978 Chused et al., 1977 Antigens tested and the results meet all the requirements of statistical significance already outlined, any report on HLA association and eye disease should be treated with reserve. Those who have patience and time should correct the P value if necessary, and calculate the relative risk, because although both of these statistical parameters are important they are often ignored by contributors to ophthalmic journals. Furthermore, it often pays to wait for independent confirmation of a reported finding.
Uveitis
The number of occasions when a specific aetiology of uveitis can be demonstrated or reasonably assumed is rarely more than about 50% and is frequently less, despite thorough investigations. Of all the arthritic conditions ankylosing spondylitis is the one most consistently associated with uveitis. It affects about a quarter of these patients, HLA B27 being present in 85 to 95% of patients with ankylosgroup.bmj.com on August 15, 2017 -Published by http://bjo.bmj.com/ Downloaded from ing spondylitis. In one study (Brewerton et al., 1973a ) 52% of 50 patients with anterior uveitis possessed B27, compared with 4% of the control group, and even in the absence of sacroiliitis 8 of 29 (28%) patients with acute anterior uveitis were B27 positive. The very close association of the disease with HLA B27 in Caucasian, Asian, and Japanese populations, suggests a disease susceptibility gene very closely linked to the HLA B locus. It is of interest that although the frequency of B27 is low in Negroes and ankylosing spondylitis may develop in the absence of this antigen, acute anterior uveitis in these B27-negative American Negroes is extremely rare (Khan et al., 1977) . Recent studies suggest that the frequency of HLA A2 is also increased in ankylosing spondylitis, but although there is associated increased frequency of HLA Cwl, Cw2, and Dwl in B27-positive individuals, there is no difference in the distribution of these antigens in healthy persons and patients with ankylosing spondylitis (Sachs and Brewerton, 1978) .
Uveitis with ulcers of the buccal mucosa and external genitalia form the triad of Behget's disease, which is associated with several immunological changes, including the presence of immune complexes in patients' sera (Rahi et al., 1976; Rahi et al., 1979) . Although the aetiology of the disease is still unknown, recent studies have shown that a large number of Japanese and Turkish patients possess HLA B5 antigen (Ohno et al., 1978b) ; this, however, does not appear to be the case in Caucasian populations (Jung et al., 1976; Ohno et al., 1978a) . No HLA association has been found, however, in chronic anterior uveitis of childhood, choroidoretinitis and chronic cyclitis (Table 3) .
The Vogt-Koyanagi-Harada syndrome is characterised by bilateral granulomatous uveitis in conjunction with variable degrees of skin and hair depigmentation, hair loss, and meningeal irritation. While the aetiology of this disease is obscure, evidence in favour of an autoimmune component is provided by the demonstration of antibodies to uveal pigment and cell-mediated allergy in the form of delayed skin hypersensitivity, lymphocyte transformation, and leucocyte migration inhibition. A close association with HLA Bw54 and LDwa (a Japanese D locus antigen) suggests the presence of uveitis susceptibility genes in the major histocompatibility system (Tagawa et al., 1977) .
Optic neuritis
Multiple sclerosis is much the most important cause of optic neuritis, and over half of the patients presenting with acute optic neuritis as an isolated sign later develop other features of multiple sclerosis.
Although the aetiology of this disease is still unknown, and a virus infection is a strong possibility, it appears that multiple sclerosis is the only disease recognised to be strongly associated with HLA DRw2 and HLA Dw2 antigens in Caucasians. Recently, the syndrome of nephritis and lung haemorrhage (Goodpasture's syndrome), in which Bruch's membrane along with glomerular and other basement membranes is involved (Jampol et al., 1975) (Batchelor et al., 1978) .
Retinal diseases
Retinal involvement is a well-known complication of diabetes in which genetic, environmental, immunological, metabolic, and hormonal influences interact to produce the clinical picture of the disease. There is increasing evidence of a possible role of virus infection in the juvenile-onset (that is, type I) diabetes, which is often associated with islet cell and other organ-specific autoantibodies. Population studies have shown that there is an increased relative risk of developing type I diabetes in persons who are HLA Dw3 and DRw3 positive, with secondary association with HLA Al, B8, or B18, and in subjects who are Dw4 and DRw4 positive with secondary association with A2, B15, B40, and Cw3 (Cudworth and Festenstein, 1978) . Owing to linkage disequilibrium HLA Al is often associated with HLA B8, and therefore in only about 4% of the control population is B8 present in the absence of Al, as opposed to 56% of patients with juvenile diabetes with retinopathy. It has been concluded, therefore, that the presence of HLA B8 singly in patients with type I diabetes carries a bad prognosis (Larkins et al., 1978) . There is no evidence of HLA association, however, in retinopathy due to type II adult-onset diabetes (Moller et al., 1978) .
Studies on HLA association with a variety of other retinal diseases such as choroidoretinitis, toxoplasmic retinochoroiditis, Eales's disease, retinal detachment, haemorrhagic maculopathy, central serous retinopathy, and retinitis pigmentosa have been so far negative except in choroidoretinitis due to presumed histoplasmosis, in which increased frequency of HLA B7 has been reported (see Table 3 for references).
The association of primary open-angle glaucoma with HLA antigens appears to be spurious, and although the increased incidence of antinuclear antibody in these patients is still controversial (Felberg et al., 1977; Nagasubramanian et al., 1978) recent reports from several countries (see Table 3 ) clearly show that there is no association between histocompatibility antigens and the propensity to develop a raised intraocular pressure with consequent loss of vision.
Intraocular tumours
The HLA system does not appear to exert any strong influence on the susceptibility of an individual to develop malignant disease. It is not surprising, therefore, that an earlier report of a possible HLA association with retinoblastoma (Bertrams et al., 1973) has not been confirmed by other workers (Gallie et al., 1977) . There is some evidence, however, that malignant melanoma of the choroid may be associated with HLA Aw32, but this awaits confirmation.
Sjogren's syndrome
This condition predominates among women and in its fully developed form is characterised by keratoconjunctivitis sicca, xerostomia, and arthritis. Many patients have demonstrable rheumatoid factor in their sera, and Sjogren's syndrome specific (SS A and SS B) and non-specific antinuclear and antisalivary duct antibodies are also demonstrable in a proportion of these patients (Alspaugh et al., 1976) . The aetiology of Sjogren's syndrome is unknown, but a T-lymphocyte-mediated autoimmunity to a cellular component of salivary gland is strongly suspected. It is of interest, therefore, that increased frequency of HLA Dw3 has been reported in these patients (Chused et al., 1977 External disease of the eye A high incidence of HLA A3 and B12 has been reported in ocular cicatricial pemphigoid (Mondino et al., 1978) , and HLA B5 is found in increased frequency in patients with recurrent herpetic keratitis. (Zimmerman et al., 1977) , but these claims await confirmation. Similarly, in a family study of keratoconus the mother and her 2 children were HLA B27 positive (Gassett et al., 1977) . It is of interest that a proportion of patients with keratoconus (which is a noninflammatory disease) are atopic and produce high levels of IgE (Rahi et al., 1977) . A high incidence of HLA B17 has been reported in Cogan's syndrome (Char et al., 1975) , but a recent report has failed to confirm this claim (KaiserKupfer et al., 1978) .
In conclusion it may be said that apart from acute anterior uveitis, optic neuritis, and certain other autoimmune diseases such as myasthenia gravis and thyrotoxicosis, in which the eye is invariably involved, there is very little evidence of HLA association with other diseases of the eye. It is important not to be overenthusiastic about an apparently complex association with different antigens in studies based on a limited number of cases. Furthermore, strong positive association with one HLA antigen will necessarily entail negative association with other antigens, which may lead us to believe that the latter play a protective role. Such negative associations are difficult to establish, although one has been claimed for glaucoma , because the frequency of most antigens is already low and a further decrease is often unlikely to be judged as significant. Finally, so far, none of the HLA associations with disease is absolute. Even in the case of ankylosing spondylitis, although over 90% of persons with the disease may be positive for HLA B27, only a relatively small proportion of the population with B27 ever suffer from the disease.
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